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1 April 1975 thr ou~;1i 31 March 1977

The work carried out under the sponsorshi p of t h e  subject grant  fal ls  ~~~~

in the genera l field of a c r i t ica l  ana ly~iis of the  spectra of cer tain diatonic

m olecules .

The B—X spectrun of molecular sodiutu has been iuvest i~;ated since the

b i r th  of r.iolecular spec ~ ro~ cOpy there  x i~ the groc~nd 1 
~ ~ La t e  and 1~ is an

exci ted ~ s ta te .  An lya l s  of t h E a  sy: t by the  u:a of laaer  ‘ac i t  ~d

fi .uorescence £;p~~c t ra .’;c P j v 1!~~; b ( e n  uiH ~ t:~~~~i L b y 1)c’ ~L r~~~ C , rcCi ~~~

Zare and also by ~~~~ r m d  8tork.  iha resu 1t~; of tUos ~: ar .: 1 ’a~~:; con t .~

considerable n t h i ~~a t: t hat d~ a v i  clan fica t  I . Ut l : v ~ a r ; t j  or

analysis of tha t  spec~ rca ‘..Lieli , in its f inal  form , includes  zih ut  13 ,000

;~~~c~ii~~c~ h a ’ : ; . A ~~~~~ i~~:t c a i u i  of the v; I a l f l c; d at a  c cr~’~~ ~~~~~ 1; 1

exci ta t ion  of naii y V i l a ’aL t n ~~~l . aad rc ’ taLlOf l :1i level a 1;’. Li i  h s t a t  c by coi 1

sion be~a:~ eii r o f t c u l . a  d :.rect :  1 y (a.c .Lt?d by t h e  laSeL ’ mi d at c ;  a; of th e  b u f f e r

gas. ~ i rea~i t h e  older amia l y~ es ‘ a~ ~ i c d  onl y a re]; .  t ~ve1 y i L  i i ; ; d ; ~~ . of

levels ifl thu upp~~r st at e  d i ro tly exc i ted  b y tl ’c laser , ~~~. h iav .  id a t  i i

more than 1,000 1e~ e1s in the ~ ct at :e .  ~ e reproduce the  d a t a  t i r u : ; h a

Expans ian , ~;:t thi  a root i.a an square devj; i  t :io~i ~~~~~~ ~n oia e cv;~il .‘ ;.u ca l  su l  a

• l.ine f requenc  us of abou t 0.010 c;~~
1. Our conat an t~ ~ 1 11 i d• c i t  ~ ma ;  ~

‘ he

for m v  i~~.~ t o r s  to d r t e i i i ~~ii~ the fr ec 1t i ”acy of any 1 a’  in  I i  ) t — Y  ;:~~~c~ r i  a

wi th  very h f th  p ta  ; i ;i . U,: h a v e , ~or t h c  f i r s t  t l i : , ( , t a i ~ i . ~ .1 t i a l  Ha

c cn t r L f u ~;a1 d i :t t o r t i o n  a t a t a n t : , 1) , a~’ r c ’ ;  ~~i t h  t i .  t i o t e t  i i i  \ .  ~e• ( 1  t i

C O I I . t  : t i ’ t  for  an lvirt .nira oac. T l  l . atot to h ia i . t ’r t i ~ a Q~~) , ~ a a ’ t’

s t r a t  ed t~s~t t 1; r o t : i t  ( t i  1 ( i 1~~~~V c , i i i n ; L i;~~ l l y 1 ( 1 5  m i  l y I 1 ’  m n  •~~n t  ~~~~ 1

1 ( i l  . I t  la:; h ot . , t1~~ I (i ( I i i  p ’ i n  1) ‘
~~~~~ 

j ’ . 1’ to c 1i~ c ‘a t i hi



detail .  because of th i e i a r  ‘a c c rr o i ; ; t  ion l r t a c ii t ho ron~~ a u l t ;  1 1 : 1  ;I j p~’ar in

• our l)unlt:un Exp:t ; ; . ; ~~~~ For 13 ,000 l ine;;  \ ;c r eqit  i rod 7? r e n a l  a t i t  a t o  yi old t h e

f i t  t lug of the da ta  to a f o r m u l a  a a descr ibed t i h u v i . Ui can onl y bel love

t h a t  the hiunhata Expansion :1 a st r ained  to al low t h e  r€ j a c n c n t  at  i t o  of the  da ta .

An extended paper  deal .in ~; wit h  t h i s  ana l y a t a  I s  ~~OW l i t  t i p r o c e : ; of

prepa ration.

We have examined t i t :  spec no;:; e £ t1~ a ‘—X t :y : ;t  ~ ; i  (A I;: ni t ( X C  it  e.i

st at  ) of C .u iecular  ~.od i t ; ; ;  r ,;; the ale ; j t  b i t  :p .  i t r i t i  a;; ol :;a t v . ’ ~ t i t  Lii i ’

very li :E~ h rcaol .utioit and di ;:j , : r n H r ,  t r . t t i l a  a t ~~~ / i r c a t : ; & ~~a t  i . !  1 d m a —

tonic: ;. There a re  tvn a~~1 :; :  ~~t o  ~~I ~~i i  a :n.: t i t t i d  t : i  t i :  t i .  a . :  cr 1 . T i e

f i rst .  prob l c ; ;  .1;; L I :. pm t a .  i t .  i t  c i  t i : .  1_ em; in t i :  , ‘ a l . .’ t 1 : ; a n ~~~ t i !

in to r; r Lieu ~ai. ~ a a c 0 i aed i t  . U • 1 ;tvc  1 a ; ,  a ~~~~~ t o (d • ; ,‘ 0 t i ’

per turbat i ons up to a v i i i  at  l o t _ i l ~ u i ’i I : ; ;  n a ; ! ;‘ i : n  t i ’  A ~ L i  .‘ n f  b ou t  70 .

An a o t f y t ;  I a (‘F t lii : p c i  ‘at at. i i ; : ;  a 1 1 a I l:v d . t t i :  ( a ci t i c : : ; I

of t h e  ~ : s t at e  I n  cu~~t ; t d r.i’ t o  ; ‘ a e i t i a t o v . A pie1 i : i t ! : ; : ~~ i c p i l  of  t ii:: t or i :

has beet; p aTtI  i sited by ~~
‘. r 1 11 l t c n ; e l  a a !  P . Kun ch  in t ! ;e•  .l i ; t !: a,; i i ( : ; ‘ ;a ’ ( :  r

Pizc c~_~c~ , Vol . 63 , No. 9 , 1 hevei: ;bar 1~)7 5. ‘l it : ’ o ther  p rob i t i  I a I r a t  I

the extens:h .on. of ti;:’ v : i l . r a t i o r ;u l . qua nt um itu tber ;; in I I t o  ttaaa r a a t o  v r y

hi gh vul.ueu wh i.chi alTec ’s a prc’cis:Lon di ’ta ’ am it ;i t l o i i  01 t h e  p i t  at  al curv .’ ( i f

t he A state . We have been able to iden t i f y levels up to  a V ’ of ‘ f t . T i :

ground , X t ;t a Le , it; adi ;i i rab] .y del. .non tr ’d  in the work a:; dour r t l i e h  i n  t i c  I .1 . ; ‘,t

sect :0:1 o ’ t :h i i s  r ep or t .  The a i m o rpt  ion  sp e c tr e ’ t . i ; t i i ;  (: i , i : t a t  ~~~~~~ l i i  i~~ a ;  i t  t o : ,

;tln n t  v !l r ;t t  i c t e i l  I ’ v . i ; ;  of t in ’  t ’ r o i : .l ;;~~: t t  n i ’~ ’ ,~~ ~l t  i t T  (1 ’S : 1  t . ~ t i . ’

detatled ‘t aeri p t 1 0 1 1  01 t i , ’ c:a’ T t:cd A n i l  c~ Pap er ;;  a r t ’ i ’ : i n , , ~~~~ i ; ~~~l 1 0

(1(’scr i be our  r t ’sul  I : ; , i n t l  i t  c~ 1 i i , .  p a t  u . i t  I I ! ~~; a mid (Ii t ’ ’ ; t i , c . ; 1 a 01 t i : ’

°h’~~ 
I run  t o ‘~o ty  li I m ; II c i  i t t  : : i .i
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In reading a dis: ur I : t t ion  by l)oi’~ti (1 I t ; ; t I , t u e  p r i i i c  i pal inve:;t i;;:i 1 or

in tit~ p resen t  gr an t  d i  ;:covareih bimueler:; i n  the :iieil y :;i ;; o time A— ’X sys tc;i

of no] ccmil ar  l i tit i ur m and a new analysis was m ade. ‘fhie p r in c i p a l  i n ve s t i gator

subsequently learned that Daniel Konowalow at the S t a t e  Utm i Ver a  it y  of New York

at Bing hamton was work i ng on the theory of the A s ta t. .’ of I i t h t iun i . It  give;;

grea t a;i i I.’; faction to both t h e  pr:f r ic i  pal. :1 nve :; L L 1;~t L o r  and t o  Pro Fe :  ate a Konowalo: .’

to discover that our mimi  a m m a l y ;; i~; ri tici li la t l~..;or ; ’t  i ca l . i.e t’!: f i t  ,-id:.: I ta’!,i y and

r e t u f c t a :’..’ each o ther .  A paj ’;’r ci; t h e  ; i m i : i l y ; ;  I ; ;  of  t h ic  to—~ sy m ; I :cmim o f  l i
2 
ha:;

been incorporated i tiLe tArt a~~t I c ]  e wh:i c l i  Ii:;:: b m u  acrc’p I ad f o r  pub ] ica inn

by the ,105t; i a  C c ’S (‘ i’;c ’i ’:~ c’ : f i ’ ; i ~ ‘.

All t i~. mrorf ~ done  u: :J . ’r lii:’ m;mib l t ’ .’t comtt : t ’:i:t : ii ’; bi’..’n t i ;: _ j ei nt e f f o r t

of the pn iia i I .i 1 I ave 1 i~ , ito r and Dr. l i i i  I Ii Pa: al at the t:it i .;t .P l’ ml ri ’;Iu ci

St:imm..t:i rd :; at h iou lder . C ol or a l o. The i i :a :i , ’i ; a’ ;n :c t m ,tit of calculation I i i : t  m~as

reilu i r~’ . i n  t l i t ’  p;a~~, : . i ; :  • ; ‘ p tin r ital at I lit P i t  lot :;] Iiui ’..’;tu of St;iitd ;id: ;

The rec~’:’d 
; i i i ;  o f ::j’:’ct. r:: , h o i l t  1 1  iio r t ’;;ceti i an t i  : ;l i ; ;oapl  1 ( i 1 ~ w as  do;;:’ at I ha

Arguan .’ ~; , t t  i o : m , i l l , :t i , c; ’_ i t o i ’ i c ’ . ; : ; (  Ar~’,uit;i. ’, I l l i n o i s , b e _ f o r ’ the b . ’ ;  h i ; : ; L ;~ of

t im e  1’ran ’nt c ’ ;ot t i ’ , i i ’t .  ‘li i i ’ p l a t  ~‘e ;a ’r ~_’ i .‘.t :;ii: ~cti at tint h i a I i c i i i ; i l  h ; o r t _ a iu  of

Standard ;; .

We be]  i cvi’ that i t .’ 1’ . n a mad ; ’  def in i t i .vt ’ ana l ys ’;; of th in  spec t ra t.lra ..’ ci  bed

above. F ur t l ’e r , Liii’ st y l e  of L i ~: ;iii:il y ; ’t ; ~,.hi1 uoint out: scm’ of t i e ’  tr;:pa

in to  wit 1 d m  o t t ; ,  t r ay read Ely f a l l  iii a dot: ! i lcd anniya:1 of :;p ect  ~ ;t

L ~~ :. -_ . .- ~~~~~~~~-. _ _
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